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Abstract. [Context & motivation] Many requirements documents
contain graphical and textual representations of requirements side-by-
side. These representations may be complementary but oftentimes they
are strongly related or even express the same content. [Question/prob-
lem] Since both representation may be used on their own, we want
to find out why and how a combination of them is used in practice.
In consequence, we want to know what advantages such an approach
provides and whether challenges arise from the coexistence. [Principal
ideas/results] To get more insights into how graphical and textual re-
presentations are used in requirements documents, we conducted eight
interviews with stakeholders at Daimler. These stakeholders work on a
system that is specified by tabular textual descriptions and UML activ-
ity diagrams. The results indicate that the different representations are
associated with different activities. [Contribution] Our study provides
insights into a possible implementation of a specification approach using
mixed representations of requirements. We use these insights to make
suggestions on how to apply the approach in a way that profits from
its advantages and mitigates potential weaknesses. While we draw our
conclusions from a single use case, some aspects might be applicable in
general.
Keywords: Model-Driven Software Specification; Graphical Models; Re-
quirements Documents; UML Activity Diagram
1 Introduction
Eliciting and specifying requirements by means of models is becoming more and
more popular in the development of complex embedded systems [1]. However,
these models usually accompany and complement textual requirements and do
not replace them. Therefore, many requirements documents contain graphical
and textual representations of requirements side-by-side. This combined use of
graphical diagrams and textual descriptions is considered beneficial for the re-
quirements management process [2, 3].
In practice, there are more substantial reasons why the same information
may be expressed in a graphical model and also in an accompanying text. For
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example, industrial applications, tool support, and model exchange for graphi-
cal models are still not standardized [4] and, as a result, manufacturer/supplier
handover is still performed by textual documents. This is especially important,
since these textual documents often serve as the basis for legal considerations
between the contractors [3, 5]. Also, due to different backgrounds of the stake-
holders, not everyone is capable of understanding the graphical models [6].
Maintaining and updating information in graphical and textual representa-
tions is often performed manually. In previous work, we have shown that this
is a potential source for inconsistencies and quality issues in the requirements
specifications [7]. Moreover, best practices and guidelines for when and how to
use graphical or textual representations are missing. This leads to discussions
about the validity of the representations, when deviating representations exist.
Without a deeper understanding of how the different representations are
used and why they coexist, it is hard to come up with measures for ensuring
consistency or to decide how content should be represented. Therefore, we are in-
terested in how coexisting graphical and textual representations of requirements
are used by stakeholders of the system. For this purpose we considered one par-
ticular instance of this case in practice, where a team at Daimler uses UML
Activity Diagrams to provide a high-level overview of the activation conditions
for a vehicle function. The information contained in this model is afterwards
transferred into a tabular textual representation that is then further detailed.
We conducted eight interviews with practitioners at Daimler. Three intervie-
wees have developed the specification approach described above. Five intervie-
wees work with the resulting requirements document. From these interviews, we
derive a model that describes for which activities stakeholders use graphical or
textual representations. Also, we use the acquired data to provide suggestions
on how graphical and textual representations should be used to leverage their
potential and avoid pitfalls which would lead to quality issues.
Fig. 1: Activity diagram of the function Drive Inhibit
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2 Background
A team at Daimler employs UML activity diagrams [8] to specify functions of a
system. The diagrams are used to get an early overview of the desired function
behavior with a special focus on the activation of the function, execution condi-
tions, functional paths, and deactivation. Fig. 1 depicts a diagram of the system.
The actual behavior of the activated function is described in the Action node la-
beled with Drive Inhibit (bottom of the diagram). The activation of the function
is described by a combination of triggers and checks for conditions. This pattern
to describe functions is also known for building textual requirements [9]. Ac-
tivity diagrams are interpreted according to the requirements-level semantics of
activities as defined by Eshuis and Wieringa [10]. As such, we assume that each
node executes as soon as a token is placed on that node (by a transition or by
occurrence of events). We also assume that the time required to execute a node
is infinitely short. Control nodes have the usual semantics: MergeNodes (dia-
monds) and JoinNodes (bars) represent OR connections and AND connections,
respectively. All the activity diagrams of the system are modeled in a similar
way in regard to the used pattern, structure and layout.
The activity diagrams are then embedded in a textual requirements specifica-
tion in two representations: (a) graphically as an image, (b) in a tabular, textual
form which is supposed to reflect the same behavior as the activity diagram. The
tabular representations may be refined and extended later.
Fig. 2 shows the textual representation of the activity diagram in Fig. 1 as
we found it in the specification document of our industry partner. The basic
idea of the textual representation is to represent the triggers and checking con-
ditions which govern the execution of a function as a kind of AND-OR table
with postfix boolean operators. As such, the textual representation emphasizes
the propositional logic aspect of the behavior. Each row represents an object,
which is described by a set of attributes (columns). These attributes are needed
to display the relevant information of the activity diagram in the requirements
document. The ID attribute contains a unique identifier of the object. The Text
attribute is a textual description of the object and is supposed to be equal to
the text of the corresponding element in the activity diagram. It also contains
the boolean operators which connect multiple elements within a cell or connect
one row to the next row on the same Level. The Level is an attribute to struc-
ture the objects hierarchically. It is derived from the structure of the activity
diagram. The Type attribute denotes whether an object is a function, a trigger
or a condition to be checked. The object types in the table are derived from the
types of the corresponding elements in the activity diagram.
Note that the activity diagram and the textual representation exhibit a num-
ber of differences with respect to both placement of elements and the specified
behavior. E.g., the element Check: Engine Cranking inactive has the predecessor
Check: V < 5 km/h in the activity diagram, while in the textual representation
the element Vehicle Gear selector is in position ”P” is the predecessor. Besides,
some rows in the textual representation mistakenly have a connector at their
end (ID 1113, 1233 ), although there are no further rows on the same Level.
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These issues may originate from the manual generation of the textual represen-
tation and changes over time. We have addressed these problems in a previous
paper [7].
Fig. 2: Textual representation of the function Drive Inhibit
The sample in Fig. 2 only depicts the contents derived from the activity.
Besides the mentioned attributes, the document may contain other attributes
used for further development. Also, the textual document may contain more
detailed information in the form of further requirements and descriptions. These
entries may be both formal (e.g., parameter values) and in freely-written natural
language.
3 Related Work
Graphical notations as a means to ease the understanding of complex systems
have been used in different contexts [11, 12]. Nevertheless, despite showing se-
veral advantages there are drawbacks such as end users’ unfamiliarity with
graphical notations and limits on the displayable details in visualizations. Mo-
reover in requirements engineering, research has identified the need for different
representations of requirements [13]. A possibility to tackle these issues is to use
accompanying text for graphical models. Arlow et. al. introduced an approach
called Literate Modelling that works with this idea and employs UML models as
the graphical models [6]. This concept of coexisting graphical models and tex-
tual descriptions was picked up and discussed for future tools in requirements
engineering [14]. In addition the approach is supported by ideas using a graphi-
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cal model as a basis to generate a structure for requirements documents and
requirements itself [15].
However, to the best of our knowledge, there is only a small number of
works on the topic of how to apply the approach and on its impact. Aside from
computer science, it has been shown that the combined use of words (written
and spoken) and pictures has a beneficial effect on a person’s perception [16].
Still, it is also known that readers focus on the representation that takes the
least effort to understand, in case they contain the same information [17].
A study of Burton-Jones et. al. with student participants investigates whet-
her a combination of representations is beneficial [18]. They report a positive
impact for understanding a new system by using conceptual graphical models
and a textual narrative, but do not give details on how to implement such an
approach in practice. Our intent is to improve the understanding in this area by
interviewing practitioners and to make suggestions on how to implement such a
mixed representation approach in the best way possible.
4 Study Design
To gain a better understanding of how the approach is used and how the involved
parties work with the activity diagrams and the textual parts, we conducted an
interview study with stakeholders of one particular system. We designed the
study along the recommendations of Runeson and Ho¨st [19].
Research Objective: We want to know how the different stakeholders use
the graphical models and the textual descriptions, how and where they make
changes, and how they ensure consistency of the specification. Additionally, we
are interested in the stakeholder’s perception of advantages, challenges, and best
practices of the application of the approach.
To reach this objective, we pursue three research questions (RQ):
RQ1: For which activities do the stakeholders use which represen-
tation? With this research question, we aim at getting insights about the use
of different representations in order to be able to derive suggestions for working
in a setting with coexisting representations.
RQ2: What are the reasons why stakeholders use one or the other
representation for specific tasks? We want to find out why stakeholders use
one of the representations for certain tasks. This is meant to provide insights on
the benefits the graphical models offer and how the coexisting artifacts are used
in the work of the involved persons.
RQ3: What challenges arise in the combined use of graphical mod-
els and text and how should they be addressed? We want to know what
problems the stakeholders face. This gives us an idea on potentials for impro-
vement. Also, this RQ is used to derive suggestions for the use of graphical
models in combination with text for specifying functions.
Study Object: We conducted this study in the context of the development
of one particular system. The system contains functions involved with charging
the batteries of Plug-in Hybrid Electric Vehicles and Battery Electric Vehicles.
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As such, the system contains requirements that are relevant for safety as well as
for usability. Overall, there are 14 functions in the system which are described
by the approach mentioned in section 2. These functions contain a total of 22
activity diagrams and almost 2,000 objects (including requirements, descriptions
and headings). The additional activity diagrams result from the fact that some
subfunctions of the functions are also described by activity diagrams and text.
Data Collection: We conducted interviews with eight stakeholders of one
particular system. The majority of the interviewed stakeholders (five) either
depend on the contents of the requirements document directly or on content
which is derived thereof automatically or manually. The rest of the stakeholders
(three) are concerned with the methods that are applied to specify systems
and components at Daimler. We group the participants into three groups: those
involved with the testing of the functions (in the following referred to by: T1,
T2), those who use the specified functions to specify components (C1, C2, C3),
and those developing the applied methods (M1, M2, M3).
The interviews were performed by following an interview guideline. The inter-
view guideline was created in multiple iterations. In each iteration the structure
and questions were refined by discussions with other researchers and practitio-
ners of our industry partner to ensure that the research questions are properly
addressed. However, the interviews were conducted as open interviews. In case
the participants mentioned issues aside from the questions of the guideline, we
did not interrupt and followed up on these issues in some cases. Also, insights
gained during the interviews were considered in the following interviews.
The first part of each interview concerned the background of the interviewee.
We asked questions on how long they have been working with the contents of
the system, what their current role is, whether there was prior knowledge in
dealing with graphical models, and what their general attitude is towards the
use of graphical models.
The second part aimed at eliciting facts about their work. This question
covered what the participants actually use the activity or text for as well as in
what way the two artifacts provide different information for their tasks. Further-
more, we asked what purposes the activity diagram and the textual description
respectively fulfill. As the participants M1, M2 and M3 do not directly work on
the contents we engaged them in a discussion about their idea how the artifacts
are supposed to be used. In addition, we asked the participants for their general
impression on the quality of the activity diagrams and the accompanying text.
The third part aimed at initiating a discussion with the participants. We
wanted to know where they see advantages in the current approach, what chal-
lenges they face in applying it in their own work and how to possibly deal with
them. We also wanted to find out how they perceive the influence of the approach
on the contents they are provided with. Hence, we encouraged the participants
to give their opinion on the way the system’s functions are specified and what
consequences they expect for their tasks. Furthermore, we wanted to find out
whether they can imagine a different process for the specification of functions
and how that would differ from the current approach.
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The majority of the interviews (five) was conducted on site. The rest of the
interviews (three) was conducted by telephone. We ensured that the statements
of the participants were handled in an anonymous way to guarantee honest
answers. The interviews were scheduled to last about an hour. In the end the
shortest interview lasted 32 minutes, while the longest took almost 90 minutes.
The interviews were recorded.
Data Analysis: The first author created transcripts of the interviews. These
transcripts summarize the whole interview and contain the essential statements
of the participants. Due to the open nature of the interviews the number of sta-
tements differ from participant to participant. We analyzed the transcripts by
applying qualitative coding [20]. The analysis was performed by the first and the
second author. Our first step was to read the interview transcripts to get an over-
all impression. This impression was used to extract a first set of concepts. These
concepts were then discussed in regard to their relevance towards the research
questions. The discussion resulted in a common set of concepts. We then checked
the transcripts for information, which fit the identified concepts. This task was
performed independently and afterwards the coding was compared. In case of
deviations the results were discussed until we reached a mutual agreement. This
mutual agreement led to the omission of a number of statements, since they did
not directly address the research questions. It turned out that some of these
omitted statements covered interesting aspects nonetheless. Hence, it was deci-
ded to repeat the process in the same manner with additional concepts in order
to include these aspects. We deduced the relevance of these aspects by the fact
that they were mentioned by multiple participants.
5 Study Results
5.1 Demographics & Background
The interviewed participants have been working for our industry partner for
a time period between 2 and 28 years. All of the participants stated to have
prior experience in working with graphical models. This encompassed state-
ments between some familiarity with UML and similar graphical notations to
expert knowledge in the application of graphical models in the development of
systems. Also, all participants stated to have a positive attitude towards the
use of graphical models. Those statements ranged between seeing minor benefits
to the impression that graphical models are nowadays necessary to be able to
comply with standards and to create high-quality requirements.
5.2 Benefits & Use of the Approach
To address RQ1 and RQ2, we considered the answers to the questions that
concerned the activities the participants perform during their work as well as
parts of the discussion revolving around the advantages they perceive.
The tasks the participants perform are shown in Fig. 3. Boxes denote acti-
vities, while ovals represent artifacts. The lines show the associations that the
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participants mentioned in the interviews. The arrow between the two artifacts
indicates that the graphical model is the initial artifact which is used to derive
the textual descriptions.
Refinement of
Requirements
Deriving Test 
Cases
Graphical
Model
Textual
Description
Developing a 
General 
Understanding
Means of
Communication
Deriving
Requirements
for Components
Documentation
of Non-
functional
Requirements
Planning
Fig. 3: Tasks associated with the artifacts
To use the graphical models as a means of communication and to develop a
general understanding was identified as a task by almost all participants. Addi-
tionally, two participants (M1, M3) mentioned to use the graphical model during
release planning. They use the relations between the elements of the diagram to
gain insights into dependencies between underlying components, which in turn
facilitates the planning. The only task associated with both representations is
deriving test cases. In this matter, participant T2 explicitly mentioned that the
activity diagrams are the actual basis to create some of the test cases and not
just a supporting alternative view of the text.
Nevertheless, the groups involved in testing and those responsible for com-
ponents of the system both stated to rely mostly or even solely on the textual
description to derive their own artifacts (test cases and components require-
ments). Furthermore the textual description was mentioned to be used to refine
requirements and to provide more details on contexts and surrounding circum-
stances by all of the participants.
Aside from the performed activities, there seems to be confusion about the
use of the approach itself. There was no common understanding between the
participants on whether the textual or the graphical representation should be
created first, which one is used in case of inconsistencies, and where changes are
incorporated. Different statements were made on this topic. Some participants
mentioned that they are unaware of how the artifacts are created and where to
incorporate changes.
Moreover, the answers of the participants offered insights on what they think
the artifacts are used for and what benefits the approach offers. Table 1 and
Table 2 show an overview of all statements the participants made about graphical
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models and textual descriptions, respectively. A 3 denotes that the participant
made that statement while a  denotes that the participants did not make
mention of that fact.
Since all participants mentioned to have a positive attitude towards the use of
graphical models, it is not surprising that their use is considered beneficial. Many
even mentioned that they consider the use of graphical models as a necessity.
As the associated tasks have shown, there is a lot of agreement that activity
diagrams are used as a means of communication and a basis for discussion. Also,
it was mentioned explicitly by almost all participants that the diagram improves
the general understanding of a function.
For the textual descriptions, most participants mentioned that they see the
text as the reference and it is used to provide details. The fact that the text
is necessary because of legal considerations was only mentioned explicitly by
participant T2. The necessity to support stakeholders who are unfamiliar with
the use of graphical models was stated by C1, T2 and M2.
5.3 Challenges & Possible Improvements
To answer RQ3, we asked how they perceive the quality of the activity diagrams
and their textual representation. More specifically, we wanted to know how they
like the way the artifacts are structured and whether they face challenges by
maintaining coexisting artifacts.
All participants emphasized that consistency is a major problem in the way
the approach is currently applied. As a consequence, all participants would ap-
preciate automatic support for deriving the textual description from the activity
diagrams. They assume that this would have a positive impact on their work.
The textual representation was criticized with regard to its interpretation.
Some participants said that they would prefer a different structure as the current
one is not intuitively understandable. However, further inquiries on this issue
revealed that the boolean operators without following rows on the same level
(described in section 2) are not perceived as a problem.
Many issues with the activity diagrams were mentioned. For instance, critique
was expressed on the depiction of the activity diagrams. This critique focused
most often on the fact that the diagrams are not uniformly designed using the
same tool. Also, the pattern depicted in Fig. 1 is not strictly enforced. Furt-
hermore, the contained information was criticized in regard to both the amount
and level of detail. This point encompassed different opinions of the participants.
Some of them stated that required information, such as signal names and values,
are missing in the diagrams. Others stated that there are too many elements and
details in some diagrams to understand a function properly. Yet, others said that
the activity diagrams contain information (e.g., of other components) that is not
relevant for them.
As the layout of a graphical model has a major impact on its understand-
ability [21], we also wanted an opinion on the quality of the layout. All of the
participants mentioned to be satisfied with the quality in that regard. Still, the
way the activity diagrams are embedded in the tool was criticized. The diagram
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is included as a picture in a cell in the requirements document. Since the default
size of such a cell does not allow for the display of the complete diagram, it is
necessary to adjust its size manually in order to see the full diagram.
5.4 Beyond the Research Questions
Since we designed the study as an open interview, many things were mentio-
ned that did not directly address our research questions. Still, some of these
statements are within the scope of our research objective.
Regarding the question what the graphical model is used for, the answer
that appeared most often was an improved understandability. Further questions
in that matter revealed that the understanding concerns mostly relations be-
tween the elements in the graphical representation. Aspects of activities such
as independent executability of actions and asynchronous behavior were never
mentioned. When we specifically asked for that, it was stated, that this is of no
importance on that level of description.
As the automated generation of the textual description from the graphical
models was mentioned, we wanted to know whether the capability of synchro-
nization of the graphical and textual representation is needed. The participants
answered that this capability would be nice-to-have, but all agreed that changes
are best incorporated in the graphical model. M1, C2 and T2 said, it should not
be possible to change aspects of the graphical model in its textual description
and hence a synchronization in the backwards direction should not be allowed.
Towards the end of the interviews, we challenged the approach as a whole
and asked whether they could work without the textual representation. Because
of the already mentioned uses of the text, about half the participants instantly
stated that it does not seem possible. The rest was open to the idea, but had
doubts, because of organizational considerations (e.g., handover to suppliers,
legal issues) and also stated the necessary models would mitigate their main
advantage — the capability of offering a clear overview. Participant T2 said this
would require major modifications in the company structure. It would be possible
if all development tasks from suppliers are reintegrated to one place.
6 Discussion
6.1 Findings from our Study
All in all, there seems to be a common understanding between the different
stakeholders on why they use this approach and on what to use each artifact for.
We derive this conclusion from the fact that all of the stakeholders consider the
two coexisting artifacts to be at least beneficial. This is also reflected by the fact
that there is a high-level of agreement towards the way the respective artifacts
are used. Furthermore, the association of specific tasks with certain artifacts
indicates that both the graphical representation and the textual representation
are necessary to manage the complexity of today’s systems and hence create
high-quality requirements specifications.
11
The graphical representation is mainly seen as a means of communication
and discussion and for improved understandability by almost all participants.
Communication and discussions are necessary to make sure the behavior is as
originally intended. A proper understanding of the function is mandatory for the
stakeholders. These two purposes facilitate subsequent tasks such as deriving
requirements for components and the manual generation of test cases. Thus, we
see the diagram in a rather supportive role. These results also indicate that the
graphic models are primarily used for the purpose of visualization and not for
expressing precise semantics. In consequence it serves a wallpaper use [22].
The only aspect that was commented conflictingly about the graphical mod-
els regarded their depiction. Participant T1 mentioned, that she would rather
prefer more elements in a diagram than scrolling to a different diagram to get
more information. Participant T2 mentioned that the maximum number of ele-
ments in a diagram should be restricted to about seven elements and, if further
elements are required, they should be nested into a linked diagram. In addition,
some participants complained about information in the diagrams that is not
relevant to them. This conflict cannot be resolved by using a single graphical
representation of a function for all stakeholders (cf. [13]).
As for the textual representation, the results strongly suggest that it is in
fact the preferable medium to accommodate refinements and details. Half of the
participants mentioned the need to support stakeholders unfamiliar with graphic
models. This is an issue that constantly appears in contexts where models are
used. The coexistence of textual descriptions and graphical models appears to
be a possible solution to this issue [23]. Nevertheless, there might be more fitting
possibilities to arrange the textual representation than the one currently used
(see [24] for a study on different textual representations of activity diagrams).
Although the graphical representation is created as a first step for the speci-
fication, its use is not restricted to the specification phase. As our participants
perform a variety of tasks, we found out that the graphical model fulfills more
purposes than just being a starting point for further specification. Amongst oth-
ers it is used to derive test cases and to support understanding of the intended
behavior. Hence, it proved to have been a good idea to consider participants
outside the group of people who create the graphical models and textual de-
scriptions. This selection of participants, on the other hand, also explains the
lack of understanding which artifact is created at which step in the process,
where changes are incorporated, and which artifact has to be used in case of
inconsistencies. In hindsight, it turned out that the lack of a definition which
artifact is used as the lead is also linked to the study object. Although half
of the participants mentioned that the text is used as a handover and for le-
gal considerations, this mainly applies to the derived component specifications.
System specifications are mainly used internally and hence using the textual
representation as the reference is not strictly enforced.
With regard to these insights we conclude that in our case using a textual
and graphical representation on the same level of abstraction is an appropriate
means in the development of systems since the artifacts serve different purposes.
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To make the most of the approach, we make suggestions that aim at mitigating
the found weaknesses and taking advantages of the identified strengths.
6.2 Suggestions
Based on the insights we make suggestions on how to implement a mixed repre-
sentations approach in order to leverage the potentials of the respective represen-
tations. From the high level of agreement concerning that the activity diagram
should be used as a basis for the text, we conclude that the activity diagram is
indeed an adequate starting point for the specification process of our industry
partner. This finding is largely in line with research on the use of graphical mod-
els that emphasizes its use during the early stages of development [25]. Hence,
this section starts with suggestions on the use of the activity diagrams and pro-
ceeds with suggestions on the textual representation of our industry partner.
Use of the Activity Diagrams. One of the major factors to the success of
graphical models is that it needs to be understood by as many stakeholders as
possible. To achieve this, it is paramount to design the models according to a
defined pattern. Also, we recommend to use a common tool for the modeling in
order to ensure a uniform look, although this might be hard to enforce. Never-
theless, access to the tool should be granted to all who make use of the activity
diagram. This is required to address the problem with the handling of the di-
agram. From the different opinions on the contained information, we conclude
that a mechanism is needed to tailor the models according to each individual’s
needs. This suggestion has been stated before [13] and is in line with established
solutions on using textual requirements [26].
Use of the Text. Deriving the text from the activity diagram avoids incon-
sistencies and hence ensures that the same behavior is described by both repre-
sentations. Aside from the situation of our industry partner, there are already a
number of approaches dealing with the generation of requirements specifications
(or parts thereof) from models [15]. Following our participants the text can be
used to incorporate refinements and details. As the complementary information
may also be freely written in natural language, this representation may in fact
be better suited for stakeholders unfamiliar with the notations of activities. De-
tailed information should only appear in the text to avoid further consistency
issues and to guarantee the main purpose of the activity diagram is not impaired
— to maintain a high-level overview.
Incorporation of Changes. As the appearance of changes is inevitable in the
course of development, their incorporation in the artifacts must be considered.
Changes to the relations of entities are easier to implement in the diagram.
For textual changes it does not make much difference which representation is
used. Nevertheless, to avoid inconsistencies only a single artifact should be used.
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Hence, the activity diagram should accommodate changes which affect both
representations, although this might be hard to realize considering the fact that
multiple persons work with the specification artifacts. The changes in the activity
diagram are then propagated to the textual representation. It has to be noted
that the additional textual content is not deleted or modified in the process.
Alternatively, changes could be automatically incorporated by using tools
such as Projectional Editors, which automatically edit different projections of
a common underlying model, in this case the activity diagram and its textual
representation. However, this approach requires substantial efforts and accor-
dingly trained developers [27]. Hence, a custom-made and lightweight solution
to generate and update the textual representation might be better suited for the
situation of our industry partner.
Further Related Tasks. As for the tasks of the respective artifacts, the situ-
ation displayed in Fig. 3 is already a good way of applying the strengths of the
model and the text. The main concern of the graphical model is human-based
analysis and the exchange of ideas between stakeholders. As such, the tasks of
planning, improving understanding, and facilitating communication are prone to
involve a visualization. Still, since the graphical representation provides a high-
level overview, these tasks are restricted to early stages of development, when
the required descriptions do not need to be detailed. Nonetheless, the defined
syntax and semantics of a graphical model can also be used to automatically
derive test cases [28].
6.3 Threats to Validity
The participating stakeholders were selected by the second author who is also
actively participating in the development of the examined system. We did not
follow specific selection criteria, except that participants must work actively on
the examined system. However, the group of study participants only represent
a subset of all people working actively with the requirements documents.
Furthermore we only had access to internal participants within one company.
However, the activity diagrams and their textual descriptions must also be read
and understood outside the company, such as legal authorities and suppliers.
Their opinion is critical since inquiries on unclear issues require more effort
between multiple organizations than inside a single company.
Also, our study examined the present situation of an approach using activ-
ity diagrams. The use of other graphical models might influence the proposed
suggestions as well as the benefits and weaknesses we identified.
To answer our research questions, we only had access to a limited number
of participants who actively work with this approach or are responsible for the
applied methods. Also, we only gained insights into a single implementation of a
mixed representation approach which uses activity diagrams and a very specific
kind of textual representation. In conclusion, although our findings turned out to
be consistent, our results can only be seen as a first step. Hence, further research
is required to generalize our findings.
14
7 Conclusion and Future Work
In this paper, we present the results of a number of interviews we conducted
to gain a better understanding of a specification approach that uses coexisting
activity diagrams and tabular textual descriptions. The results incorporate an
assessment of our participants on which artifact is suitable for which task as well
as their opinion on the benefits of the respective artifacts. The use of graphical
models for themselves as well as their use in coexistence with textual description
on the same level of abstraction is perceived as beneficial. We use the insights
gained by these results to derive suggestions. The suggestions serve the purpose
of providing a guideline on how to implement such an approach in order to avoid
inconsistencies and leverage its full potential.
Although we think that our results can be generally applied to approaches
using coexisting graphical and textual artifacts, the results should be further
validated by repeating the study with differing implementations of the appro-
ach. The differences might concern the type of graphical model and the pattern
for textual description. Also, the extent to which practitioners benefit from our
suggestions needs to be further examined. Moreover, the graphical and textual
representations described in this paper are not the only artifacts. To handle
the complexity of today’s systems, further diagrams and associated documents
might be needed. Ensuring the propagation of necessary changes to these arti-
facts is still not implemented in an acceptable manner and hence needs further
investigation.
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